Background: The role of asymptomatic carriers of toxigenic Clostridium difficile (TCD) in nosocomial cross-transmission remains debatable. Moreover, its relevance in the elderly has been sparsely studied. Objectives: To assess asymptomatic TCD carriage in an acute care geriatric population.
Introduction
Clostridium difficile infection (CDI) is currently the most commonly reported pathogen causing healthcareassociated infections in the United States [1] . Moreover, it is associated with significant morbidity and mortality, particularly among older people [1] .
There is ongoing controversy about the role of asymptomatic carriage in the transmission of toxigenic C. difficile (TCD) in healthcare facilities [2] . Indeed, asymptomatic TCD carriers have been implicated in TCD crosstransmission in hospitals [3] . Importantly, as they are not a focus of CDI control measures, asymptomatic TCD carriers may constitute an important reservoir for nosocomial transmission [3] .
Data on asymptomatic TCD carriage in elderly hospitalized patients remains scarce. In this context, we aimed to assess the prevalence of asymptomatic TCD carriage at admission to an acute care geriatric hospital and the rate of nosocomial acquisition during inpatient stay.
Methods
The study was performed in the geriatric hospital of the Geneva University Hospitals. In this 296-bed hospital, the incidence of CDI from 1 st January until 31 st July 2015 was 1.97/10 000 patient-days (without any major clustering). The overall antibiotic use density in 2014 was 220 Defined Daily Doses/1000 patient-days.
All patients consecutively admitted to two 15-bed acute care wards were eligible for inclusion. Patients were recruited from 2 nd March until 30 th June 2015. Patients with diagnosis of CDI and/or diarrhoea (defined as ≥3 unformed stools/day) during the first 48 h after hospitalization were excluded.
We collected the first bowel movement after admission, and every two weeks thereafter (or earlier, if discharge occurred ≤2 weeks after admission). Patients were followed until discharge. Immediately after a patient's bowel movement, the stool sample was placed on Cary-Blair® medium for transport to the laboratory. The C. difficile toxin B gene was identified using real-time polymerase chain reaction (PCR) (BD MAX TM Cdiff, BD diagnostics, Sparks, Maryland).
Asymptomatic TCD carriage was defined as presence of C. difficile toxin B gene without symptoms of diarrhoea at the time of stool collection. If identified in the first 72 h of hospitalization, the case was classified as asymptomatic carrier at admission. If identified after 72 h and with a previous negative result, it was considered as nosocomial acquisition. If the patient was identified after 72 h of hospitalization but without a previous negative sample, we considered it as non-classifiable regarding place of TCD acquisition.
We retrieved information about CDI and hospitalization in the previous year, medications prescribed within 90 days before admission, origin of patient (home, long-term care facility or hospital transfer), demographics, comorbidities, administration of systemic antibiotics during hospitalization and length of stay. Data was manually collected from electronic charts.
CDI patients were placed under contact precautions in single rooms and asymptomatic TCD carriers were submitted to standard precautions. The staff was unaware of a patient's TCD status. Ethical approval was obtained without the need for individual consent.
Results
During the study period, 102 patients were admitted to the two acute-care wards. Two patients were excluded from the study at admission (one had CDI and one had diarrhoea). Among the 100 included patients, 63 had been hospitalized and one had had a CDI diagnosis in the previous 12 months. Thirty-six had been exposed to systemic antibiotics, 3 to corticotherapy and 41 to proton pump inhibitors within 90 days before admission. Finally, 7 had been admitted from long-term care facilities (LTCF; Table 1 ).
A total of 199 stool samples were collected from 95 patients. Twenty-eight patients had only one sample collected, 39 had 2 and 28 had ≥3. We couldn't obtain samples from five patients because of lack of collaboration on stool collection.
The median number of samples collected per patient was 2 [interquartile range (IQR) [1] [2] [3] . The first sample was collected at a median of 3 days (IQR, 1-4) and the second sample at a median of 14 days (IQR, 10-17) after admission. Fifty-nine patients had stool samples collected in the first 72 h of hospitalization. For patients for whom two or more samples (67) were collected, the last collection was performed at a median of 6 days (IQR, 2-12) before discharge.
Asymptomatic TCD carriage was identified in two patients. Patient 1 had positive samples at admission (day 1) and at the date of discharge (day 29). Patient 2 had a first test on day 4 that was non-interpretable (due to nonamplification of the internal control of C. difficile BD MAX®; this test was not repeated due to lack of remaining sample material) and a second test that was positive on day 17. According to the study definitions, patient 1 was considered asymptomatic TCD carrier at admission and patient 2 was non-classifiable regarding place of TCD acquisition. Both of these patients received antibiotic treatment during hospital stay, and remained asymptomatic. Patient 1 was treated with amoxicillin/clavulanate (2 days) and piperacillin/tazobactam (7 days) for complicated community-acquired pneumonia and patient 2 received ceftriaxone (3 days) and ciprofloxacin (4 days) for community-acquired urinary tract infection. No case of symptomatic CDI was diagnosed within the 2 wards during the study period.
Discussion
We found a very low frequency of asymptomatic carriage of TCD (2 %) at an acute care geriatric hospital in Switzerland. This is one of the few studies to address TCD asymptomatic carriage in geriatric population and the first to be conducted in Switzerland. These results provide valuable epidemiological insight into the understanding of CDI, a frequent and severe condition in the geriatric population.
Importantly, our data stand in contrast with similar studies, conducted in heterogeneous acute care hospital populations, that found higher frequencies of asymptomatic TCD carriage. Indeed, frequencies ranging from 4 to 50 % were reported in studies of variable duration (from 2 months up to 1.5 years) and in different settings [2] [3] [4] [5] . Our findings are even more striking if we take into account that studies in LTCF and other chronic-care geriatric facilities have also reported higher rates of TCD carriage (up to 51 % during an outbreak in a LTCF) [5, 6] .
To explain our results, one might argue that some variables typically associated with asymptomatic TCD carriage, such as history of CDI, corticotherapy or residency in LTCF [4, 5] , were not frequent in our population. However, our cohort was mainly constituted by patients with a previous hospitalization and exposed to proton pump inhibitors, and those factors are also frequently linked with TCD carriage [4, 5] . Our patients also had a high rate of antibiotic exposure, both prior to and during hospitalization. However, this variable is considered to be more associated with CDI than with asymptomatic carriage [4, 5] .
Our findings and the variable rates of TCD carriage reported in studies from acute care hospitals and LTCF, suggest that factors determining asymptomatic carriage may be multiple, not easily identifiable and still incompletely understood [7] .
Recent literature argued for an important contribution of asymptomatic carriers in nosocomial cross-transmission of TCD [3] . On the contrary, our study findings suggest that, in our setting, asymptomatic TCD carriers do not appear to contribute to cross-transmission of TCD. One may hypothesize that, in addition to patient-related risk factors, several healthcare-related aspects may also influence the relative contribution of asymptomatic TCD carriage to the epidemiology of CDI. Those aspects may include the overall CDI incidence (including the occurrence of outbreaks), the pattern of antibiotic utilization and infection prevention practices.
We found four other studies investigating asymptomatic TCD carriage in acute care geriatric hospitals, and only one of them was published in the last 10 years [8] [9] [10] [11] . Interestingly, all those studies have found a low prevalence of asymptomatic carriage at admission (0-2 %). Two of them also evaluated the incidence of in-hospital acquisition of asymptomatic TCD carriage, which ranged from 0 to 12 % [8, 10] . The most recent study, performed in 2011 by Schoevaerdts et al. during a 1-year period in a 26-bed geriatric hospital, reported a frequency of asymptomatic TCD carriage at admission even lower than ours (2/336), and no cases of in-hospital acquisition of asymptomatic TCD carriage [8] . This study may be criticized since it only included 336 out of 473 (71 %) potentially eligible patients, which could possibly have lead to selection bias [8] . In our study, we included all eligible patients and managed to obtain a very high compliance rate of stool collection (95 %). Our study has several limitations. First of all, there is no established gold-standard method for the diagnosis of asymptomatic TCD carriage. In our study, we used PCR to identify asymptomatic TCD carriers. Although PCR assays have high sensitivity and specificity and are widely used to diagnose CDI [12] , their use to identify asymptomatic TCD carriers has not been established on a definitive base. Concerns may be raised regarding the analytical sensitivity of PCR, because C. difficile counts in asymptomatic TCD carriers are lower than in CDI [6] . Donskey et al. [13] only identified 68 % of asymptomatic TCD carriers with a commercial PCR assay. The analysis of perirectal swabs of doubtful diagnostic quality and the higher limit of detection of that assay as compared with alternative PCR assays [14] [15] [16] , may have contributed to that result. Conversely, several large studies used PCR for the diagnosis of asymptomatic TCD carriage and obtained comparable results to studies using toxigenic culture (which is still considered the gold standard for the diagnosis of CDI) [17, 18] . In particular, Hung et al [18] detected more asymptomatic TCD carriers with a PCR assay than with toxigenic culture.
Other limitations worth mentioning are the small sample size of our study and its single center setting. Additionally, it is known that CDI occurrence follows a seasonal pattern, with peaks in winter and early spring [19] . Supposed that TCD carriage follows the same seasonal pattern, the fact that our study was performed from March to June could have slightly underestimated the true carriage rates. Finally, suboptimal compliance with follow-up sampling makes firm conclusions about nosocomial TCD acquisition difficult to establish.
Conclusions
We found a low prevalence of asymptomatic TCD carriage in geriatric patients, frequently exposed to antibiotics and to the healthcare system. This adds to the ongoing controversy regarding the prevalence and role of asymptomatic TCD colonization in nosocomial cross-transmission. More studies are needed to address C. difficile epidemiology in the geriatric population.
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